Introduction
============

Lung cancer has a high mortality. Lung adenocarcinoma, a common form of lung cancer, has an average 5-year survival rate of 15%.[@b1-ott-9-461] Traditional therapies for non-small-cell lung cancer include surgery, radiotherapy, and chemotherapy.[@b2-ott-9-461],[@b3-ott-9-461] In recent years, molecular targeted therapy versus specific targeted therapy, which has fewer side effects and longer progression-free survival (PFS) and overall survival (OS), has become a research hotspot.[@b4-ott-9-461],[@b5-ott-9-461]

Patients with lung adenocarcinoma frequently overexpress receptors of the erbB family, including the epidermal growth factor receptor (EGFR) encoded by erbB-1.[@b6-ott-9-461],[@b7-ott-9-461] EGFR is a 170 kD receptor tyrosine kinase (TK) that dimerizes and phosphorylates several tyrosine residues after binding of several specific ligands.[@b7-ott-9-461] It has been reported that activating mutation of EGFR is present in a subset of pulmonary adenocarcinoma and that tumors with EGFR mutations are highly sensitive to EGFR-TKI.[@b8-ott-9-461],[@b9-ott-9-461] EGFR mutation tests are complex and require tumor tissue; therefore, simple methods to identify responders prior to EGFR-TKI treatment are urgently needed.

High-density lipoprotein (HDL) may work as a supplier of cholesterol to cancer cells by removing excess cholesterol from peripheral tissues.[@b10-ott-9-461] It is well-known that low high-density lipoprotein cholesterol (HDL-C) is a strong independent predictor of coronary vascular diseases and a feature of inflammatory disorders.[@b11-ott-9-461] Recently, many studies have demonstrated that low HDL-C has a significant inverse association with baseline HDL-C levels and the risk of developing cancer,[@b12-ott-9-461]--[@b14-ott-9-461] largely attributed to cancers of the lung, prostate, liver, and hematopoietic system, persisted after exclusion of cases diagnosed during the first 12 years of follow-up. In leukemia, plasma lipids can also be considered as early and reliable markers of effectiveness of chemotherapy.[@b15-ott-9-461] Pleiotropic properties of the HDL-C particle, including its antioxidative function, modulation of cytokine production, blockage of apoptosis, and stimulation of cell proliferation and migration, are more likely to play a role in the development of cancer.[@b16-ott-9-461]

It is still unknown whether HDL-C could be a predictive biomarker for EGFR mutation and the efficacy of EGFR-TKI. This study aimed at contributing to the knowledge of the correlation of HDL-C baseline level with kinetics and EGFR mutation, the efficacy of EGFR-TKI, and the predictive value of PFS.

Patients and methods
====================

Patients
--------

A total of 192 lung adenocarcinoma patients treated at Division of Respiratory Medicine, the Affiliated Drum Tower Hospital, Nanjing University Medical School, from May 2010 to October 2015 were enrolled in this study. All patients met the following eligible criteria: 1) all patients with a pathological diagnosis of lung adenocarcinoma, 2) all patients who are required to have proven stage IIIB--IV with an Eastern Cooperative Oncology Group performance status (ECOG PS) of 0--2 and to have enough tumor tissue for EGFR testing, 3) all patients in a clear EGFR mutation status, 4) none had received therapy before serum collection, and 5) patients with complete follow-up data. Exclusion criteria for patients are 1) having concomitant diseases associated with increasing serum lipid levels (ie, diabetes, hyperlipidemia, or metabolic syndrome) and 2) taking hormone replacement therapy or any drugs known to affect lipid metabolism. Clinical characteristics recorded included sex, age, stage, smoking history, performance status, and HDL-C.

EGFR mutation detection was performed in all patients. A total of 93 patients had EGFR mutation and received EGFR-TKIs as first-line treatment, with 70 patients treated with gefitinib (Iressa, 250 mg per day, AstraZeneca, London, England), 15 patients treated with erlotinib (Tarceva, 250 mg per day, Roche, Basel, Switzerland), and 8 with icontinib (Conmana, 250 mg per day, Beta Pharma, Zhejiang, People's Republic of China). All 93 patients were first checked to ensure efficacy of EGFR-TKI therapy about 20 days after therapy. Of these 93 patients, HDL-C kinetics were monitored in 75 patients until disease progression. Serum HDL-C levels were measured at baseline and thereafter at the start of each check cycle (2 months a cycle).

Patients follow-up
------------------

Patients were regularly followed up after receiving EGFR-TKIs until disease progression. They were scheduled to visit the hospital 20 days after the start of receiving EGFR-TKIs, and every 2 months thereafter. The time of the last follow-up was October 10, 2015. Serum HDL-C level was measured, and chest CT was performed during each visit.

Study design
------------

Prior to the use of these patients' data, informed written consent was obtained and the study was approved by the Research Ethics Committee of Affiliated Drum Tower Hospital. HDL-C levels were measured at baseline for all the patients. HDL-C was measured at the start of each check cycle until disease progression, in a cycle of 2 months. Serum measurement was performed as described previously.[@b17-ott-9-461] There were no clearly defined cutoff points for HDL-C in relation to cancer outcomes. Thus, the receiver operating characteristic (ROC) curve analysis was subjected to the selection of cutoff points. The cutoff point of HDL-C was 0.945 mmol/L with the highest value of "sensitivity + specificity" in the ROC analysis using EGFR mutation as an end point.

Evaluation methods
------------------

The primary end point was PFS. PFS was defined as the time from the date of receiving EGFR-TKI to disease progression or death. Based on the response evaluation criteria in solid tumors (RECIST) 1.0 guidelines, the responses to treatment were classified as complete response (CR), partial response (PR), stable disease (SD), and progression of disease (PD). CR and PR were defined as the overall response rate (ORR), while CR, PR, and SD were defined as the disease control rate (DCR).

Statistical analysis
--------------------

The statistical analysis was performed using Statistical Package for Social Science version 19.0 software (SPSS Inc., Chicago, IL, USA). Rates were compared using the *χ*^2^-test. Fisher's exact test was used to analyze categorical variables. Multivariate logistic analysis was used to identify the independent variables that were correlated with EGFR mutation. ROC curves were created to evaluate the cutoff point of HDL-C levels in predicting the mutation of EGFR. The survival curves were plotted by the Kaplan--Meier method and compared using the log rank test. The significance of independent variables for PFS was analyzed using the Cox proportional hazards model (univariate and multivariate analyses). All tests were two-tailed, and a *P* less than 0.05 was considered to be statistically significant.

Results
=======

High-density lipoprotein cholesterol kinetics
---------------------------------------------

The cutoff point of HDL-C was 0.945 mmol/L, with the highest value of "sensitivity + specificity" in the ROC analysis using EGFR mutation as an end point ([Figure 1](#f1-ott-9-461){ref-type="fig"}). According to HDL-C kinetics, the patients were divided into four groups: 1) patients whose HDL-C \>0.945 mmol/L and never decreased during treatment; 2) patients whose HDL-C \>0.945 mmol/L and decreased at least one time during treatment; 3) patients whose HDL-C ≤0.945 mmol/L and normalized at least one time during treatment; 4) patients whose HDL-C ≤0.945 mmol/L and never normalized during treatment. The patients were assigned to nondecreased, decreased, normalized, and nonnormalized HDL-C groups, respectively.

Patients' characteristics
-------------------------

Correlation of patients' demographic and baseline characteristics with EGFR mutation are described in [Table 1](#t1-ott-9-461){ref-type="table"}. The median age of 192 patients was 61.8 years (range: 33--89 years). The majority of patients were female (53.7%), nonsmokers (78.1%), with PS 0--1 (58.3%), and stage IV (77.6%). EGFR mutation was documented in 48.4% of cases (n=93), of which 46.2% (n=43) harbored exon 19 deletion, 48.4% (n=45) exon 21 L858R mutation, and 5.4% (n=6) both exon 19 and exon 21 mutation ([Table 2](#t2-ott-9-461){ref-type="table"}). All patients (93 cases) with EGFR mutation received EGFR-TKI as first-line treatment: 70 patients (75.3%) received gefitinib, 15 (16.1%) erlotinib, and 8 (8.6%) icontinib. Patients without EGFR mutation (99 cases) received platinum-based chemotherapy as first-line treatment.

Correlation of HDL-C baseline level with EGFR mutation
------------------------------------------------------

The correlation between EGFR mutation and clinical characteristics was analyzed, with the finding that HDL-C baseline level, sex, and smoking history were correlative factors ([Table 1](#t1-ott-9-461){ref-type="table"}). EGFR mutation rate in HDL-C high-level group was significantly higher than low-level group (59.0% vs 35.6%, *P*=0.001). Taking all these correlative factors into multivariate logistic analysis, it was found that high level of HDL-C was independently associated with EGFR gene mutation (*P*=0.005; odds ratio \[OR\] =0.417; 95% confidence interval \[CI\], 0.227--0.768) ([Table 2](#t2-ott-9-461){ref-type="table"}).

Correlation between HDL-C level and efficacy of EGFR-TKIs
---------------------------------------------------------

Approximately 93 patients received EGFR-TKI as first-line treatment. Assessed after the first course of TKI therapy, the total ORR was 61.3%, while DCR was 91.4%. Baseline serum HDL-C level behaved differently in high- and low-level groups. A higher proportion of progression was observed in low-level HDL-C, and HDL-C was the only influencing factor among all the clinical characteristics (25.8%, *P*\<0.001) ([Table 3](#t3-ott-9-461){ref-type="table"}). Therefore, baseline HDL-C level seems to have the potential to predict clinical response to EGFR-TKIs therapy.

HDL-C kinetics and progression-free survival
--------------------------------------------

According to the follow-up data, 75 out of 93 patients continued EGFR-TKI therapy until disease progression. By the variation types of HDL-C during the treatment, the patients were divided into four groups: nondecreased group, normalized group, decreased group, and nonnormalized group. The baseline HDL-C levels of these four groups were nondecreased group whose HDL-C levels did not decrease during the treatment (\>0.945 mmol/L, n=29), decreased group whose HDL-C levels decreased at least one time (\>0.945 mmol/L, n=19), normalized group whose HDL-C levels normalized at least once (≤0.945 mmol/L, n=16), and nonnormalized group whose HDL-C levels remained decreased (≤0.945 mmol/L, n=11). Median PFS lengths were 12.8 months in the nondecreased HDL-C group, 7.7 months in decreased HDL-C group, 6.2 months in the normalized HDL-C group, and 1.9 months in the nonnormalized HDL-C group. There was a significant difference in PFS rates between the four groups (*P*\<0.001; [Figure 2](#f2-ott-9-461){ref-type="fig"}). Univariate analysis of relevance between clinical characteristics and PFS showed that males with lower HDL-C baseline level ([Figure 3](#f3-ott-9-461){ref-type="fig"}), HDL-C kinetics status (normalized group, decreased group, nonnormalized group), had a shorter PFS ([Table 4](#t4-ott-9-461){ref-type="table"}). Multivariate Cox proportional hazards model analysis of various factors affecting PFS showed lower baseline HDL-C had shorter PFS (*P*\<0.001; hazard ratio \[HR\] =0.126; 95% CI, 0.064--0.247), while the nondecreased group in HDL-C kinetics status had longer PFS (*P*\<0.001; HR =0.003; 95% CI, 0.001--0.018) ([Table 5](#t5-ott-9-461){ref-type="table"}).

Discussion
==========

Decreased circulating HDL-C level has been associated with decreased cancer survival in a previous study.[@b15-ott-9-461] Our former study has demonstrated that ApoA-1, a major polypeptide of human plasma HDL, is a useful prognostic factor for survival in advanced NSCLC patients treated with chemotherapy.[@b18-ott-9-461] To the best of our knowledge, this is the first study to investigate the association of HDL-C with EGFR mutation status and efficacy of EGFR-TKI. Using stratification and regression model, our results demonstrated that HDL-C was a useful predictive factor for EGFR mutation, efficacy of EGFR-TKI, and a prognostic factor for PFS in advanced lung adenocarcinoma patients treated with EGFR-TKI harboring EGFR mutation.

It has been reported that EGFR mutations mainly occur in exon 19 and 21, and these mutations have an important relationship with tumor cell sensitivity to EGFR-TKI therapy.[@b19-ott-9-461]--[@b22-ott-9-461] Studies have shown that EGFR mutation rate has regional differences, as it is roughly 10% in Western countries but 50% in Asian countries, nonsmokers, women, and patients with adenocarcinoma.[@b20-ott-9-461] Similar to previous reports, the results of our study revealed that nonsmokers and women have a higher EGFR mutation rate. Additionally, it was found that EGFR mutation was closely related to the baseline HDL-C level, and a higher mutation rate occurred in the high-level group.

HDL-C is a part of cholesterol. HDL particles play an important role in removing the excess cholesterol from peripheral tissues to initiate reverse transport of cholesterol to the liver.[@b23-ott-9-461] Cholesterol is also known to accumulate in special regions of the membrane, combined with sphingolipids creating small compartmentalized and highly stable microdomains known as lipid rafts. Lipid rafts are referred to as the sites of signaling platforms that convey stimuli of the extracellular milieu to the intracellular systems in normal and cancer cells.[@b24-ott-9-461] EGFR is associated with lipid rafts, and its signaling events are dependent on the cholesterol content of lipid rafts. The disruption of the lipid rafts via depletion of circulating cholesterol levels interferes with the receptor activation and subsequent inhibition of cell growth and development.[@b25-ott-9-461]--[@b27-ott-9-461] Another research also supported the theory.[@b28-ott-9-461] When lipid rafts were depleted of cholesterol using lovastatin, all four EGFR TKI-resistance cell lines were sensitized. The effects of cholesterol biosynthesis inhibitors and EGFR-TKIS were synergistic. All of the findings mentioned above revealed that EGFR mutation status and HDL-C expression level had important effects on the lipid raft.

Our study has also demonstrated that HDL-C can be a predictive biomarker of the efficacy of EGFR-TKI and that it has a relationship with PFS. Previous studies showed that HDL-C levels decreased with cancer progression, while returning to normal after successful chemotherapy.[@b29-ott-9-461]--[@b31-ott-9-461] The metabolism of HDL during tumor growth leading to the distribution of HDL subfractions changed with a sharp decrease in HDL~3~ and a consequent increase of normal HDL~2~/HDL~3~ ratio in neoplastic patients.[@b32-ott-9-461] Similar to previous research, patients with low-level HDL-C before therapy in our research had a poor response to EGFR-TKI, and a substantial decrease in HDL-C during treatment had a shorter PFS. Patients receiving EGFR-TKI treatment, whose HDL-C levels were lower before therapy and never returned to normal, had the shortest PFS (1.9 months). Patients who had a higher HDL-C, which never decreased during the treatment, had the longest PFS (12.8 months). Such a phenomenon may be due to the anti-inflammatory and antioxidant properties[@b33-ott-9-461]--[@b35-ott-9-461] of HDL-C.

According to the NCCN Guideline 2015, all the patients were required to be screened to detect EGFR mutation. Only those with positive EGFR mutation were recommended EGFR-TKI as first-line treatment. However, the tumor tissue for EGFR testing is often not sufficient, and patients harboring EGFR-sensitive mutations benefit in different degrees from EGFR-TKI treatment. Since HDL-C can work as a predictive biomarker, clinicians can predict the efficacy and PFS through monitoring HDL-C, which may provide certain reference. It may be more convenient for them to develop a rational treatment plan as early as possible to benefit different patients.

Taken together, the current results indicate that HDL-C can be used as a potential biomarker for advanced lung adenocarcinoma patients treated with first-line EGFR-TKI. The roles of this biomarker include indicating EGFR mutation, assessing the efficacy of EGFR-TKI, and predicting the PFS. Dynamitic HDL-C measurements are useful to help estimate the true status of tumor. Yet, large-scale studies are needed to confirm our results.
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![ROC curves for different HDL-C baseline levels in relation to the EGFR mutation, with the highest value of "sensitivity + specificity", the cutoff point of HDL-C was 0.945 mmol/L.\
**Abbreviations:** EGFR, epidermal growth factor receptor; HDL-C, high-density lipoprotein cholesterol; ROC, receiver operating characteristic.](ott-9-461Fig1){#f1-ott-9-461}

![PFS for EGFR-TKI treatment.\
**Notes:** The PFS curves of EGFR-TKI-treated patients with different HDL-C kinetics. Patients whose HDL-C \>0.945 mmol/L and never decreased during treatment of EGFR-TKI have an increasing trend on the subsequent time points.\
**Abbreviations:** PFS, progression-free survival; EGFR-TKI, epidermal growth factor receptor-tyrosine kinase inhibitor; HDL-C, high-density lipoprotein cholesterol.](ott-9-461Fig2){#f2-ott-9-461}

![PFS for EGFR-TKI treatment.\
**Notes:** The PFS curves of EGFR-TKI-treated patients with different baseline HDL-C levels. Patients whose HDL-C \>0.945 mmol/L before treatment of EGFR-TKI have a longer PFS (*P*\<0.001).\
**Abbreviations:** PFS, progression-free survival; EGFR-TKI, epidermal growth factor receptor-tyrosine kinase inhibitor; HDL-C, high-density lipoprotein cholesterol.](ott-9-461Fig3){#f3-ott-9-461}

###### 

The relationship between the clinical characteristic and EGFR mutation

  Characteristics      Number of patients   Number of mutations (+)   Rate (%)   *P*-value
  -------------------- -------------------- ------------------------- ---------- -----------
  Sex                                                                            
   Male                89                   36                        40.4       0.044
   Female              103                  57                        55.3       
  Age, years                                                                     
   ≤61.8               93                   50                        53.8       0.193
   \>61.8              99                   43                        43.4       
  Smoking history                                                                
   Yes                 42                   13                        31.0       0.014
   No                  150                  80                        53.3       
  Performance status                                                             
   0--1                112                  61                        54.5       0.057
   2                   80                   32                        40.0       
  Staging                                                                        
   IIIB                43                   22                        51.2       0.731
   IV                  149                  71                        47.7       
  HDL-C (mmol/L)                                                                 
   ≤0.945              87                   31                        35.6       0.001
   \>0.945             105                  62                        59.0       

**Abbreviations:** EGFR, epidermal growth factor receptor; HDL-C, high-density lipoprotein cholesterol.

###### 

Multivariate logistic analysis of factors associated with EGFR mutation

  Variables            Category   Odds ratio   95% confidence interval   *P*-value
  -------------------- ---------- ------------ ------------------------- -----------
  Sex                  Male                                              
                       Female     0.890        0.456--1.739              0.734
  Smoking history      Yes                                               
                       No         0.454        0.199--1.038              0.061
  Performance status   0--1                                              
                       2          1.531        0.832--2.817              0.171
  HDL-C                ≤0.945                                            
                       \>0.945    0.417        0.227--0.768              0.005

**Abbreviations:** EGFR, epidermal growth factor receptor; HDL-C, high-density lipoprotein cholesterol.

###### 

Relevance between the clinical characteristics and efficacy of EGFR-TKI

  Characteristics      Number   PR   SD   PD   *P*-value
  -------------------- -------- ---- ---- ---- --------------------------------------------------
  Sex                                          
   Male                36       17   14   5    0.086[a](#tfn3-ott-9-461){ref-type="table-fn"}
   Female              57       40   14   3    
  Age, years                                   
   ≤61.8               50       33   14   3    0.531[a](#tfn3-ott-9-461){ref-type="table-fn"}
   \>61.8              43       24   14   5    
  Smoking history                              
   Yes                 13       5    6    2    0.234[a](#tfn3-ott-9-461){ref-type="table-fn"}
   No                  80       52   22   6    
  Performance status                           
   0--1                61       37   19   5    0.946[a](#tfn3-ott-9-461){ref-type="table-fn"}
   2                   32       20   9    3    
  Staging                                      
   IIIB                22       13   8    1    0.568[a](#tfn3-ott-9-461){ref-type="table-fn"}
   IV                  71       44   20   7    
  HDL-C (mmol/L)                               
   ≤0.945              31       11   12   8    \<0.001[a](#tfn3-ott-9-461){ref-type="table-fn"}
   \>0.945             62       46   16   0    
  EGFR-TKI                                     
   Gefitinib           70       45   21   4    0.171[b](#tfn4-ott-9-461){ref-type="table-fn"}
   Erlotinib           15       9    3    3    
   Icotinib            8        3    4    1    
  Mutation type                                
   Exon 19             43       24   13   6    0.532[b](#tfn4-ott-9-461){ref-type="table-fn"}
   Exon 21             45       30   13   2    
   Exon 19 + 21        5        3    2    0    

**Notes:**

Likelihood ratio;

Fisher's exact test.

**Abbreviations:** EGFR-TKI, epidermal growth factor receptor-tyrosine kinase inhibitor; HDL-C, high-density lipoprotein cholesterol; PR, partial response; SD, stable disease; PD, progressive disease.

###### 

Univariate analysis for progression-free survival in EGFR-TKI-treated patients

  Characteristics      Number     HR      95% CI         *P*-value
  -------------------- ---------- ------- -------------- -----------
  Age, years                                             
   ≤61.8 vs \>61.8     41 vs 34   1.344   0.847--2.130   0.209
  Sex                                                    
   Male vs female      27 vs 48   0.566   0.344--0.932   0.025
  Smoking history                                        
   Yes vs no           12 vs 63   0.689   0.366--1.296   0.248
  Performance status                                     
   0--1 vs 2           48 vs 27   1.544   0.940--2.538   0.087
  Staging                                                
   IIIB vs IV          20 vs 55   0.799   0.472--1.353   0.404
  HDL-C (mmol/L)                                         
   ≤0.945 vs \>0.945   28 vs 47   0.151   0.086--0.266   \<0.001
  EGFR-TKI                                               
   Gefitinib           56                                
   Erlotinib           12         1.124   0.596--2.118   0.718
   Icotinib            7          1.777   0.798--3.959   0.159
  Mutation type                                          
   Exon 19             33                                
   Exon 21             37         0.614   0.380--0.992   0.046
   Exon 19 + 21        5          0.928   0.360--2.392   0.928
  HDL-C kinetics                                         
   Nondecreased        29         0.003   0.001--0.018   \<0.001
   Normalized          19         0.012   0.002--0.062   \<0.001
   Decreased           16         0.026   0.005--0.130   \<0.001
   Nonnormalized       11                                

**Abbreviations:** EGFR-TKI, epidermal growth factor receptor-tyrosine kinase inhibitor; HR, hazard ratio; CI, confidence interval; HDL-C, high-density lipoprotein cholesterol.

###### 

Multivariate Cox hazards analysis for progression-free survival in EGFR-TKI-treated patients

  Characteristics      Number     Model 1   Model 2                                         
  -------------------- ---------- --------- -------------- --------- ------- -------------- ---------
  Sex                                                                                       
   Male vs female      27 vs 48   0.865     0.462--1.617   0.649     1.174   0.615--2.242   0.626
  Smoking history                                                                           
   Yes vs no           12 vs 63   2.039     0.899--4.625   0.088     1.243   0.522--2.959   0.623
  Performance status                                                                        
   0--1 vs 2           48 vs 27   1.456     0.866--2.446   0.156     1.419   0.827--2.433   0.204
  HDL-C (mmol/L)                                                                            
   ≤0.945 vs \>0.945   28 vs 47   0.126     0.064--0.247   \<0.001                          
  HDL-C kinetics                                                                            
   Nondecreased        29                                            0.003   0.001--0.018   \<0.001
   Normalized          19                                            0.13    0.002--0.068   \<0.001
   Decreased           16                                            0.029   0.006--0.152   \<0.001
   Nonnormalized       11                                                                   

**Notes:** The multivariate Cox hazards analysis for model 1 includes sex, smoking history, performance status and baseline HDL-C, while the model 2 includes sex, smoking history, performance status and HDL-C kinetics. The baseline HDL-C and HDL-C kinetics are the main difference between model 1 and model 2.

**Abbreviations:** EGFR-TKI, epidermal growth factor receptor-tyrosine kinase inhibitor; HR, hazard ratio; CI, confidence interval; HDL-C, high-density lipoprotein cholesterol.
